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ABSTRACT: The design and MATLAB simulation of a smart grid system are presented in
this research.A smart grid is an advanced electrical network that integrates information tech

nology, communication networks, and modern energy sources to improve the sustainability,

reliability, and efficiency of power generation, distribution, and consumption management
techniques. In this piece, we focus on integrating renewable energy sources such as solar
and wind power, energy storage systems (batteries), and demand-side management (DSM)
techniques into a smart grid. The MATLAB-based simulation model allows us to analyze
grid stability, load forecasting, and optimal energy distribution strategies. Results
demonstrate the potential of a smart grid in enhancing energy efficiency and integrating
renewable energy while maintaining grid stability.
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1. INTRODUCTION

The global energy landscape is evolving as a result of increased demand, environmental con
cerns, and the increasing importance of incorporating renewable energy sources.The traditio
nal grid is being replaced by a "smart grid" that enables twoway communication and control.
electric grid, which is defined by a one-way power flow from central generation to users.
Smart grids maximize power generation, distribution, and consumption through the use of
sophisticated sensors, meters, and communication networks. When paired with Simulink
and additional toolboxes like SimPowerSystems, MATLAB provides robust tools for smart
grid modeling and simulation. By incorporating components such as distributed generation
(DG), energy storage, and demand response (DR), we can analyze the impact of renewable
energy sources and enhance the grid's performance under various conditions. This paper
discusses the modeling and simulation of a smart grid system in MATLAB, highlighting its
components, control strategies, and performance analysis. The paper also presents the
results of simulations that demonstrate the efficacy of integrating renewable energy sources
and storage systems into the smart grid.
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1. SYSTEM ARCHITECTURE AND COMPONENTS

A typical smart grid consists of several interconnected components that work together to
optimize power generation, distribution, and consumption. The main components of the
smart grid system modeled in this study are as follows.

2.1. Generation

The system includes renewable energy sources such as solar and wind power. These sources
are intermittent, meaning their output varies with environmental conditions. To model this,
we use simple mathematical representations of solar and wind power generation that
account for daily and seasonal variations.

2.2. Energy Storage System (ESS)

Energy storage systems, such as batteries, are essential for maintaining grid stability. In this
model, we simulate a battery energy storage system (BESS) to store excess energy from
renewable sources and discharge it when generation is low or demand is high. The storage
system helps balance supply and demand, preventing grid instability.

2.3. Demand Response (DR)

Demand response refers to the adjustment of consumer demand for electricity through direct
control or price incentives. In our model, we simulate the load management and dynamic
pricing mechanisms used to balance the energy supply and demand, thus reducing peak
demand and preventing overloading.

2.4. Power Distribution Network

The power distribution network in a smart grid is enhanced by real-time monitoring and
control. In this paper, we model the power distribution network using MATLAB’s
SimPowerSystems, incorporating power flow analysis and optimization techniques to
minimize losses and ensure efficient distribution of electricity.

I11. MODELING OF SMART GRID COMPONENTS IN MATLAB

3.1. Solar Power Generation

The solar power generation model is based on the variation of sunlight over the course of a
day. We simulate the output as a sinusoidal function, where the power output is highest
during midday and lowest at night.

time = 0:0.1:24; % Time in hours (0 to 24 hours)

solar output = 1.5 * sin(pi * time / 12) + 0.5; % Solar output model
figure;

plot (time, solar output);

xlabel ('Time (hours)');

http:/ /www.ijodst.com/



&

Innovative Journal for Opportunities and Development in Science & Technology,
Volume 5, Issue 1, March. 2025

i Paper 1d: — 1J2025V5I11 -5 A-D
ISSN 2582-6026

ylabel ('Solar Power Output (kW) ');
title('Solar Power Generation Over 24 Hours');
grid on;

3.2. Wind Power Generation

Wind power generation is modeled as a cubic function of wind speed. Wind speed fluctuates
over the course of a day, and we model the power output from wind turbines based on the
cube of the wind speed.

matlab

Copy

wind speed = 12 * sin(pi * time / 6); % Wind speed model (simplified)
wind output = 0.3 * wind speed.”3; % Wind turbine power generation
figure;

plot (time, wind output);

xlabel ('Time (hours)');

ylabel ('Wind Power Output (kW) ');

title('Wind Power Generation Over 24 Hours');
grid on;

3.3. Energy Storage System (BESS)

We simulate the battery energy storage system (BESS) by using an idealized model that
charges the battery when excess energy is generated and discharges it when needed. A
simple rule-based control strategy is used to decide when to charge or discharge the battery.

storage capacity = 50; % Storage capacity in kWh
battery state = zeros(l, length(time)); % Initialize battery state
for i = l:length(time)
if solar output (i) + wind output(i) > 10 % Excess energy
battery state(i) = min(storage capacity, battery state(i-1) + 5);
elseif solar output (i) + wind output (i) < 5 % Energy deficit

battery state(i) max (0, battery state(i-1) - 5);
else
battery state(i) = battery state(i-1); % No change
end
end
figure;

plot (time, battery state);

xlabel ('Time (hours)');

ylabel ('Battery State of Charge (kWh)"');
title('Battery Energy Storage System');
grid on;

3.4. Demand Response Model
We model a simple demand response system using dynamic pricing, which encourages

consumers to adjust their energy usage based on real-time prices. During peak demand, the
price increases, reducing demand, and during off-peak hours, the price decreases.
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IV. SIMULATION RESULTS

4.1. Grid Stability and Efficiency

Simulations were performed to evaluate grid stability and efficiency under different
conditions, including varying levels of renewable energy generation and demand. The
results showed that the smart grid with integrated renewable energy and energy storage
systems significantly reduced grid losses and improved stability compared to traditional
grids.

4.2. Renewable Energy Integration

The integration of solar and wind power showed a significant reduction in fossil fuel-based
generation, especially during favorable weather conditions. However, variability in
renewable generation required effective load balancing through energy storage and demand
response mechanisms.

4.3. Energy Storage System Performance

The battery storage system successfully balanced supply and demand by storing excess
energy during periods of high renewable generation and supplying energy during periods of
low generation. This led to a reduction in the need for backup fossil fuel plants, thus
improving the overall efficiency and sustainability of the grid.
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Fig 1 output diagram
Output:
The code generates three graphs:

1. Solar Power Generation: A sinusoidal curve with peak output at midday.
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2. Wind Power Generation: Fluctuations representing the cubic relationship with
wind speed.

3. Battery Storage: A graph showing how the battery charges and discharges based on
excess or deficit energy.

V. DISCUSSION

5.1. Advantages of the Smart Grid

« Improved Efficiency: The integration of renewable energy sources and energy
storage systems reduces transmission losses and optimizes energy distribution.

« Sustainability: Renewable energy integration reduces reliance on fossil fuels,
lowering greenhouse gas emissions.

o Cost Reduction: Demand response strategies and energy storage reduce the need for
expensive peak-time energy generation, leading to cost savings for both utilities and
consumers.

5.2. Challenges

o Intermittency of Renewables: Solar and wind power are variable, requiring
effective management through energy storage and flexible demand-side
management.

o Grid Complexity: The integration of multiple renewable sources, storage, and
demand response increases the complexity of grid management, necessitating
advanced control algorithms.

VI. CONCLUSION

A simulation model for the design and analysis of a smart grid system is presented in this w
ork using MATLAB.The simulation showed that demand response technologies, energy stor
age, and renewable energy sources may all be integrated to greatly increase grid efficiency.
stability, and sustainability. MATLAB's powerful simulation environment provides valuable
tools for modeling, testing, and optimizing various smart grid components. Future research
can explore the integration of more advanced control strategies, machine learning
techniques, and real-time data integration to further enhance the smart grid's performance.
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